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Novel Emasing Agents, 

Field of the Invention. 

5 The present invention relates to diagnostic imaging agents fbr in vivo imaging- The 
imaging agents comprise a synrhetic caspase-3 inhibitor labelled with an imaging moiety 
suitable for diagnostic imaging in vivo* 

Background to the Invention. 
1 0 Programmed cell death by apoptosis is a complex process, involving a large number of 

cellular processes with numerous levels of control. It is initiated by one of two pathways. 

The first is through an extrinsic pathway initiated via a cell surface death receptors and 

the second is through intrinsic initiators, such as DNA damage by UV radiation. Both of 

these pathways culminate in the co-ordinated death of cells which requires energy and, 

15 unlike cell death by necrosis, does not involve an infl^matory response. Cells 

committed to apoptosis present 'eat me" signals on their cell surface, which invite other 

! cells to consume them by phagocytosis. 

Apoptosis is a critical event in numerous processes within the body. For example, 
20 embryonic development is totally reliant on apoptosis, and tissues that turnover rapidly 
require tight regulation to avoid serious pathological consequences. Failure to regulate 
apoptosis can give rise TO cancers (insufficient cell death) and neuropathologies such as 
Alzheimer's disease (too much cell death). Furthermore, apoptosis can also be indicative 
of damaged tissues such as areas within the heart following ischaemia/rep e rfusion insults. 

25 

Armexin-5 is an endogenous human protein (RMM 36 kDa) which binds to the 
phosphatidylserine (PS) on the outer membrane of apoptotdc cells with an affinity of 
around 10** M. 9 * n Tc-labelled Annexin-5 has been used to image apoptosis in vivo 
[Blantenberg et aU J.NucLMed^ 40, 184-191 (1999)]. There are, however, several 
30 problems with tins approach. First, Armexin-5 can also enter necrotic cells to bind PS 
exposed on the inner leaflet of the cell membrane, which could lead to false-positive 
results. Second is the high blood pool activity, which is maintained for at least two hours 
after injection of labelled armexin-5. This means that the optimal timing of imaging is 
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between 10 and 15 h after injection [Rentelingspeiger ei ah J.&nrxiunpl.Metb-, 2£1 (1-2), 
123-32 (2002)], making it unsuitable for clinical decision making in patients with acute 

coronary syndromes. Furthermore, the clearance of annexin-5 occurs via the kidney and 

the liver, with a very strong background signal in the abdominal regions. This makes 
imaging of abdominal cell death (eg- in kidney transplants and tumour monitoring) 

impossible. 



* 



WO 01/89584 discloses at Examples 16 to 13 and 21 that a chelator conjugate of the 
caspase-3 substrate tetrapeptide DEVD (is. Asp-Glu-Val-Asp) may be useful for in viva 
10 imaging of apoptopic tissue using MRI or scintigraphy. 

Habetkorn & al [Nucl.Med.BioL, 28, 793-798 (2001)] studied the pan-caspase inhibitor, 
Z-VAD-firik ie. benzyloxycaibonyl-V^ 

labelled with the radioisotope J3, I as a potential apoptosis imaging agent. They found the 
15 absolute cellular uptake of the ajpnt to be low, and attributed this to the trapping of only 
one inhibitor molecule per activated caspase. They concluded that a labelled caspase 
substrate should not suffer from this problem and would be a better approach for an 
imaging agent, 

20 There is therefore stiU a need for an apoptosis imaging agent which permits rapid 
imaging (eg. within one hour of injection), and with good clearance from blood and 
background Organs. 



25 The Present Invention. 

It has now been found that synthetic caspase-3 inhibitors labelled with an imaging moiety 

are useful di agno stic imaging agents for in vivo imaging of the diseases of the 

mammalian body where abnormal apoptosis, especially where excessive apoptosis is 

involved. 

30 

The imaging moiety can be radioactive (eg- a radioactive metal ion, a gamma-emitting 
radioactive halogen or a positron-emitting radioactive now-metal) or non-radioactive (eg. 
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a paramagnetic metal ion, a hyperpolarised >JMR-active nucleus or an optical dye 
suitable for £w vivo imaging). 



Excessive apoptosis is associated with a wide range of human diseases, and the 
S importance of caspases in the progression of many of these disordexs ha? been 

demonstrated. Hence, the imaging agents of the present invention are useful for die in 
vivo diagnostic imaging and or therapy monitoring in a range of disease states, which 
include: 

(a) acute disorders, such as response to cardiac and cerebral ischaemia/repcrfixsion 
10 injury (eg. myocardial infarction or stroke respectively), spinal cord, injury, 

traumatic brain injury, organ rejection during transplantation, liver degeneration 
(eg. hepatitis), sepsis and bacterial meningitis; 

(b) chronic disorders such as neurodegenerative diseases (eg. Alzheimer's disease, 
Huntington's Disease, Down's Syndrome, spinal muscular atrophy, multiple 

15 sclerosis, Parkinson's disease), immunodeficiency diseases (eg. HIV), arthritis, 

atherosclerosis and diabetes; 

(c) The monitoring of efficacy for agents used to induce apoptosis in cancers such as: 
bladder, breast, colon, endometrial,, head and neck, leukaemia, lung, melanoma, 
non-Hodgkins lymphoma, ovarian, prostate and TectaL 

20 

Detailed Description of the Invention. 

In a first aspect, the present invention provides an imaging agent which comprises a 
synthetic caspase-3 inhibitor labelled with an imaging moiety, wherein the oaspase-3 
25 inhibitor has a K, for caspase-3 of less than 2000 liM, and wherein following 

administration of said labelled caspase-3 inhibitor to the mammalian body in vivo, the 
imaging moiety can either be detected externally in a non-invasive manner or by use of 
detectors designed for use in vivo, such as intravascular radiation or optical detectors (eg. 
endoscopes), or radiation detectors designed for intraoperative use 



28-KOV-03 
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At least fourteen different caspases have been identified in humans to date, which are 
designated caspase-1, caspase-2 etc, Caspases have been categorised into tee main 
functional categories: 

Group I caspases (e.g. caspase-1 , -4, -5 and -13) which are predominantly involved in the 
5 inflammatory response pathway; 

Group II caspases (e.g. caspa$e-3> -6, and -7), which ate the effector or "executioner" 
caspases; 

Group III caspases (eg caspase-8. -9 and -2) which are the initiator caspases. 

The present invention relates to inhibitors ofcaspase-3, which is also known as CPP32, 
10 and is a 29kDa cysteine protease. 

Suitable imaging agents of the present invention exhibit good cell membrane 
permeability, and are henc^ To 
fecilitate cell membrane transport, the imaging agents of the present invention may 

15 optionally comprise a deader peptide" as defm 

not undergo tacile metabolism in vivo, and hence most preferably exhibit a half-life in 
vivo of 60 to 240 mtns in humans. The imaging agent is preferably excreted via flie 
kidney (ie. exhibits urinary excretion). The imaging agent preferably exhibits a signal-to- 
hackgnound ratio at apoptotic foci of at least 1 .5 , most preferably at least 5, with at least 

20 10 being especially preferred. When the imaging moiety is radioactive, clearance of one 
half of fiie peak level of imaging agent which is cither non-specificalty bound or free in 
vfvo, preferably occurs over a time period less than or equal to the radioactive decay half- 
lite of the radioisotope. 

25 The molecular weight of the imaging agent is suitably up to 5000 Daltons. Preferably, 
the molecular weight is in the range 150 to 3000 Daltons, most preferably 200 to 1500 
Daltons, with 300 to 800 Daltons being especially preferred. 
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Suitable synthetic caspase-3 inhibitors of the present invention exhibit a Kj for ca$pase-3 
of less than 2000nM. Caspase-3 can be expressed in almost all tissues at high levels 
relative to other caspases, and exhibits nigh catalytic activity compared to other Group H 
caspases. Caspase-3 is, however* only expressed in active form during apoptosis. This 
5 forms the basis For the labelled inhibitors of the present invention being viable imaging 
agents with good signal-to-noise. The inhibition constant Ks is the dissociation constant 
for the enzyme-inhibitor combination [T^hmTlger, A. L., Nelson, D. L. and Cox, M- M. 
(1993) Principles of Biochemistry (2nd edn.) Worth, New York Stryer, L. (1995) 
Biochcsnistry (4th edn.) Freeman, New York]* Preferably, the inhibitor has a Kj for 
10 caspase-3 of less than 500 nM, most preferably less than lOOriM, The synthetic caspase- 
3 inhibitors of the present invention are also preferably selective for caspase-3 over other 
caspases. Such selective inhibitors suitably exhibit a greater potency for caspase-3 over 
caspase-1, defined by Ku of a factor of at least 50, preferably at least 100, most preferably 
at least 500, 



15 



20 



Preferred synthetic caspase-3 inhibitors of the present invention are irreversiblc a .ie. bind 
covalently to the enzyme. Since caspase-3 is an intracellular enzyme, preferred caspasc-3 
inhibitors exhibit good cell membrane permeability, ie. are transported efficiently across 
mammalian cell membranes in vrvo. In this regard, non-peptidic inhibitors are preferred. 



The term "labelled with" means that either the caspase-3 inhibitor itself comprises the 
imaging moiety, or the imaging moiety is attached as an additional species, optionally via 
a linker group, as described for Formula I below. When the caspase-3 inhibitor itself 
comprises the imaging moiety, this means that the 'imaging moiety' forms part of die 
75 chemical structure of the inhibitor, and is a radioactive or non-radioactive isotope present 
at a level significantly above the natural abundance level of said isotope. Such elevated 
or enriched levels of isotope are suitably at least 5 times, preferably at least 10 times, 
most preferably at least 20 times; and ideally either at least 50 times the natural 
abundance levelof die isiOtope in question, or present at a level where the level of 
30 enrichment of the isotope in question is 90 to 100%. Examples of caspas&-3 inhibitors 
comprising the 'imaging moiety* axe described below, but include CH3 groups with 
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elevated levels of n C or 1 ^ and fluoioalkyl groups with elevated levels of ,8 F, such that 
the imaging moiety is the isotopically labelled ,3 C, 1 l C or l8 F within the chemical 
structure of the caspase-3 inhibitor. 



5 The 'imaging moiety" may be detected either external to die mammalian body or via use 
of detectors designed for use in vivo, such as intravascular radiation or optical detectors 
such as endoscopes, or radiation detectors designed for intra-operatrve use. Preferred 
imaging moieties are those which can be detected externally in a non-invasive manner 
following administration in vivo. The 'imaging moiety" is preferably chosen feral 
10 (i) a radioactive metal ion; 

(ii) a paramagnetic metal ion; 

(Hi) a gamma-emitting radioactive halogen; 

(iv) a positron-emitting radioactive non-metal; 

(v) a hyperpolarised NMR-active nucleus; 

15 (vi) an optical dye suitable for in vivo imaging- 

Most preferred imaging moieties are radioactive, especially radioactive metal ions, 

gamma-emitting radioactive halogens and positron-emitting radioactive non-metals, 
particularly those suitable for imaging using SPECT or PET. 



20 When the imaging moiety is a radioactive metal ion a ie, a radiometal, suitable radiometals 
can be either positron emitters such as "Cu, *V. ^Fe. ^Co, or **Ga; or 7-emitters 
such as 99n> Tc Ul ln, ,13m In, * 7 Cu or * 7 Ga. Preferred radiometals are 07m Tc f "Co, 68 Ga and 
1 1 l In- Most preferred radiometals are y-emitfers, especially ""Tc. 

25 When the imaging moiety is a paramagnetic metal ion, suitable such metal ions include: 
Gd(m), Mn(E), Cu(U), Cr(III), Fe(in) a Co(U). EtQT). NiQU), Bn(m) or Dy(ill). Preferred 
paramagnetic metal ions are Gd(IH), MudO and Fe(HI), with Gd(III) being especially 
preferred. 
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When the imaging moiety is a gsimna-emitting radioactive halogen, the radiohalogcn is 
suitably chosen fiom 123 1, 131 I or ^Br. A preferred gamma-emitting radioactive halogen 

123t 



IS 



5 When the imaging moiety is a positron-emitting radioactive non-metal, suitable such 
positron emitter include: n C, l3 N, l7 F, ,8 F 9 75 Br, 76 Bror lZ4 L Preferred positron-emitting 
radioactive non-metals are U C, l3 N, **! and l8 F, especially lI C and 18 F, most especially 



10 When the imaging moiety is a hyperpolaxised NMR.-active nucleus, such NMR-active 

nuclei have a non-zero nuclear spin, and include l3 C, l5 N. l9 F, ^Si and 31 P> Of these, l3 C 
is preferred. By the term "hyperpolarised* 1 is meant enhancement of the degree of 
polarisation of the NMR-active nucleus over its 7 equilibrium polarisation. The natural 
abundance of l3 C (relative to l2 C) is about 1%, and suitable u C-iabelIed compounds are 
15 suitably enriched to an abundance of at least 5%, preferably at least 50%, most preferably 
at least 90% before being hyperpolarised. At least one caibon atom of a carbon- 
containing subsutucnt of the caspase-3 inhibitor of the preset invention is suitably 
enriched with l? C, which is subsequently hyperpolarised. 

20 When the imaging moiety is a reporter suitable ibr In vivo optical imaging, the reporter is 
any moiety capable of detection either directly or indirectly in an optical imaging 
procedure. The reporter might be a light scatterer (eg. a coloured or uncoloured particle), 
a light absorber or a light emitter. More preferably the reporter is a dye such as a 
ehiomophore or a fluorescent compound. The dye can be any dye that interacts with light 

25 in the electromagnetic spectrum with wavelengths from the ultraviolet light to the near 
infrared. Most preferably the reporter has fluorescent properties- 
Preferred organic chromophoric and fLuorqphoric reporters include groups having an 
extensive delocalized electron system, eg. cyanmes, merocyanineS, indocyanftxes, 

30 phthalocyamnes, naphthalocyamnes, triphenylmethines, porphyrins, pyrilium dyes, 
thiapyriliup dyes, squarylium dyes, cioconhim dyes, azulenium dyes, indoanilines. 



8 



benzophenoxazinium dyes, benzothiaphenothiazinium dyes, antbmquinones, 
napmoqumones, mdamrenes, pbthaloylacridones, trifiphenoquinones, azo dyes, 
intramolecular and mteroiolecular charge-transfer dyes and dye complexes, tropones, 
tetrazines. fr^duhiolene) complexes, 6^(benzene-ditlriolate) complexes, iodoaniKne 
5 dyes. iw(S,0-di<hiolene) complexes. Fluorescein: proteins, such as green fluorescent 
protein (GFP) and modifications of QFP that have different absorption/ emission 
properties are also useful. Complexes of certain rare earth metals (e.g-, europium, 
samarium, terbium or dysprosium) are used in certain contexts, as axe fluorescent 
nano crystals (quantum dots). 

10 

Particular examples of chromophores which may be used include: fluorescein, 
sulfbtbodamine 101 (Texas Red), ihodamineB, rhodamine 6Q, rhodamine 19, 
mdocyanine green, Cy2, Cy3, Cy3 .5, Cy5, Cy5.5, Cy7, Marina Blue, Pacific Blue, 
Oregon Green 88, Oregon Green 514, tetramethylrhodamine, and Alexa Fluor 350, Alexa 
IS Fluor 430, Alexa Fluor 532, Alexa Fluor 546. Alexa Fluor 555, Alexa FIuqt 568, Alexa 
Fluor 594, Alexa Fluor 633, Alexa Fluor 647, Alexa Fluor 660, Alexa Fluor 680, Alexa 
Fluor 700, and Alexa Fluor 750. 

Particularly preferred are dyes which have absorption maxima in the visible or near 
20 infrared region, between 400 ntn and 3 urn, particularly between 600 and 1300 ran. 

Optical imaging modalities and measurement techniques include, bat not limited to: 
luminescence imaging; endoscopy; fluorescence endoscopy; optical coherence 
tomography; transmittance imaging; time resolved transmittance imaging; confgeal 
25 imaging; nonlinear microscopy; phocoacoustic imaging; acousto-optical imaging; 

spectroscopy; reflectance spectroscopy; interferametry; coherence mterfeiometry; diffuse 
optical tomography and fluorescence mediated diffuse optical tomography (continuous 
wave, time domain and frequency domain systems), and measurement of light scattering, 
absorption, polarisation, luminescence, fluorescence lifetime, quantum yield, and 
30 quenching. 
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The imaging agents of the present invention are preferably of Formula I: 




^[imaging moiety] 
(Formula I) 

5 

where: 

{inhibitor} is the caspase-3 inhibitor of l3he present invention; 
[leader peptide] is a 4 to 20-mer peptide cell membrane transporter peptide, which 
is conjugated by either its' amine or carbqxyl terminus; 
1 0 -(A),,- is a linker group wherein each A is independently -CR*- , -CR^CR- , 

-CeC- , -CBaCOz- » -COzCR^- , -NRCO- , -CONR- , -NR(00)NR-. 
-NR(C=S)NR-, -S0 2 NR- , > -CRaOCRcz- 1 -CRzSCRr , -CR2NRCR2- ♦ a 

Cm cycloheteroalkylene group, a C4-8 cycloalkylene group, a Cs.12 arylene group, 
or a C3-12 heteroarylene group, an amino acid or a monodisperse 
IS polyethyleneglycol (PEG) building block; 

Ris independently chosen from H, Ci-* alkyl, C 2 -4 alkenyl. Gm alkynyl, 

C1-4 alkoxyalkyl or Ci-a hydroxyalkyl; 

11 is an integer of value 0 to 10, 

and mis Oar 1. 

20 

As shown in Formula I, the compounds of the present invention are "labelled" with" an 
imaging moiety. As defined above, this means that one or more of the {inhibitor}, linker 
group -(A)* or leaderpeptide either compriseorlmvecotaugateddiereto at least one 
"imaging moiety". Preferably die caspase-3 inhibitor or the linker group is attached to or 
25 comprises the imaging moiety. 
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The "leader peptide" of the present invention is a 4- to 20-mer peptide which fecflitates 
cell membrane transport. This is important since caspase-3 is an intracellular enzyme, and 
hence the imaging agents must be capable of crossing cell membranes- The leader 
peptide" does not, however, provide biological targeting f" vivo. Suitable leader peptides 

are known in the art, and include: Tat peptides, tachylplesin derivatives and protegrin 

derivatives. 



Specific 'Header peptide" sequences and references thereto are given in Table 1 below: 
Table 1; Leader peptides. 



1 


Leader Peptide 
CNSRLHLR and 
CENWWGDV 


Vascular targeting 
with phage 
peptide libraries ' 


Ref 

Paaqualini R Q J-NucL Med., 
43C2):l59-62 (1999). 


2 


KWSFRVSYRGISYRRSR 


Tachylpte&in 
derivative 


WO 99/07728; WO 00/32236; 
Nakamuya. et al J Biol Chem, 15; 
263f32V 16709-13 A988V ; Tamura H. 
et al Chem- Pharm- Bull- Tokyo 41, 
978-980 (1993), 


3 


AWSFRVSYRGISYRRSR 


Tachylplesin 
derivative 


WO 99/07728 


4 


RKfOftRQRRR 


TAT 


Mie M et al Biochem Biophys Res 
Common. 24; 310(3):730-4 (2003); 
Potocky TB et al Biol Chem. 2003 
Sep 29 \ Eoub ahead of print] 


5 


RRLSYSRRRF 


Protegrin 
derivative 


WO 99/07728. 


6 


RGGRLSYSRRRFSVSVGR 


Protcgnn 


WO 00/32236; Kokryakov et al FEBS 
LetM 327(2*231-6(1993;). 


7 


RGGRLSYSRRRFSTSTGR 


Ttopic protegrin 
(SynBl) 


WO 99/07728 J WO 00/32236. 


8 


PRPRPLPFPRPGPPGFRPIPR 


Ip(Bac7) 




9 
10 


ROIKIWFONRRMKWKJS. 
RGGGLSYSRRRFSTSTGR 


-Pexxetratin 
tropic protegrin 




11 


ILPWKWPWWPWRR 


lv (Indolicin) 




12 


FRCRRWOWRMKKLGA 


Ip(LferrinB) 




13 


RLSRIWIRVSR 


IP 

(Dodecapeptide) 
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Preferred deader peptides'' arc Tat peptides, tachylplesin derivatives and protegrin 
derivatives. Most preferred are tachylplesin derivatives and ptotegrin derivatives. 
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When the imaging moiety is not intrinsic, and is attached to the linker group or the leader 
peptide, it is envisaged Thai the role of the linker group -(A)ir- of Formula 1 is to distance 
the imaging moiety from the active site of the caspase-3 inhibitor. This is particularly 
important when the imaging moiety is relatively bulky (eg, a metal complex), so that 
binding of the inhibitor to the enzyme h not impaired. This can be achieved by a 
combination of flexibility (eg. simple alkyl chains), so that the bulky group has the 
freedom to position itself away from the active site and/or rigidity such as a cycloalkyl or 
aryl spacer which orientates the metal complex away from the active site. 

i 

The nature of the linker group can also be used to modify the biodistribution of the 
imaging agent. Thus, eg. the introduction of ether groups in the linker will help to 
minimise plasma protein binding. When -<A) n - comprises a polyethyleneglycol (PEG) 
building block or a peptide chain of 1 to 10 amino acid residues, the linker group may 
function to modify the pharmacokinetics and blood clearance rates Of the imaging Agent 
in vivo. Such "biomodifier 1 * linker groups may accelerate tike clearance of the imaging 
agent from background tissue, such as muscle or liver, and/or from the blood, thus giving 
a better diagnostic image due to less background interference. A biomodifier linker 
group may also be used to favour a particular route of excretion, eg. via the kidneys as 
opposed to via the liver. 

When -(A)n- comprises a peptide chain of 1 to 10 aminq acid residues, the ammo acid 
residues are preferably chosen from glycine, lysine, aspartic acid, glutamic acid or serine. 
When <A)n- comprises a PEG moiety, it preferably comprises a unit derived from 
polymerisation of the monodisperse PEG-like structure, 17-amiao-5-oxo-6-aza-3 a 9 3 12, 
1 5-tetraoxaheptadecanoic acid of Formula □: 



12 



o ° 

(ID 

wherein n equals an integer from I to 10 and where either the C-terminal unit (*) is 
connected to theN-tenninus of the leader peptide, or the N-tenninus of Formula H is 
attached to the C-terminus of the leader peptide. 

5 

When die linker group does not comprise PEG or a peptide chain, preferred -CA\- gioups 
have a backbone chain of linked atoms which make up the -{A)*- moiety of 2 to 10 atoms, 
most preferably 2 to 5 atoms, with 2 or 3 atoms being especially preferred- A minimum 
linker group backbone chain of 2 atoms confers the advantage that the imaging moiety is 
10 well-separated from the caspaae-3 inhibitor so that any interaction is minimised- 

Non-peptide linker groups such as aliylene groups or arylene groups have the advantage 
that Ihere are no significant hydrogen bonding interactions with the conjugated caspase-3 
inhibitor, so that me linker does not wrap round onto the inhibitor. Preferred alkylene 
15 spacer groups arc -(CH 2 ) q - where q is 2 to 5. Preferred arylene spacers are of formula: 




where: a and b arc independently 0, 1 or 2. 



The linker group -(AV preferably comprises a diglycolic acid moiety, a malehnide 
moiety, a glutaric acid, succinic acid, a polyethyleneglycol based unit ot* PEG-Hke uni 
20 of Formula II. 

When the imaging moiety comprises a metal ion. the metal ion is present as a metal 
complex. Such caspase-3 inhibitor conjugates with meal ions axe therefore suitably of 
Formula la: 
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Klnh!bitorHA)J-peader peptide]^ 



20 



^[metal complex] 
(Formula la) 

where: A, n and m are as defined for Formula I above. 

5 

By the term "metal complex" is meant a coordination complex of the metal ion with one 
qt more ligands- It is strongly preferred that the metal complex is "resistant to 
transdielaricm", ie. does not readily undergo ligand exchange with other potentially 
competing liga&ds for the metal coordination sites. Potentially competing ligands include 

10 the caapa$&-3 inhibitor itself plus other excipients in the preparation, in vitro (eg- 
radioprotectaats or antimicrobial preservatives used in the preparation), or endogenous 
compounds in vivo (eg. glutathione, transferrin or plasma proteins). The metal complex, is 
preferably attached at the linker group -(AV or at one of the ammo acid residues of the 
leader peptide. The metal complex is most preferably attached at one of the A residues 

15 furthest distant &om the inhibitor, such that a leader peptide cm <dso be present by either 
attachment at the terminal A residue of the linker group, or by branching from a non- 
terminal A residue. 



The metal complexes of Formula la are derived from conjugates of Uganda of Formula lb: 



[{inhibitorXAy-peader peptide] m 



^[HgandJ 
(Formula lb) 

where: A, n and m are as defined for Formula I above. 
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Suitable ligands for use in the present invention which form metal complexes resistant to 
translation include: chelating agents, where 2-6, preferably 2-4, metal donor atoms are 
arranged such that 5- or 6-membered chelate rings result (by having a non-coordinating 
backbone of either carbon atoms or non-cooidinating hetnroatoms linking the metal donor 
atoms); or raonodentate ligands which comprise donor atoms which bind strongly to the 
metal ion, such as isonitriles, phosphines or diazenides. Examples of donor atom types 
which bind well to metals as part of chelating agents are: amines, thiols, amides, oximes 
and phosphmes. Phosphmes form such strong metal complexes that even monodentate or 
bidentate phosphines form suitable metal complexes. The linear geometry of isonitriles 
and diazenides is such that Uiey do not lend Themselves readily to incorporation into 
chelating agents, and axe hence typically used as monodentate ligands. Examples of 
suitable isonitriles include simple alkyl isonitriles such as rert-butylisonitrile, and ether- 
substituted isonitriles such as nribi (i.e. l-isocyano^2-methoxy-2-methylpropane). 
Examples of suitable phosphines include Tetrofosmm, and monodentate phosphines such 
as m'^(3-methoxypropyl)phosphinB. Examples of suitable diazenides include the HYNIC 
scries of ligands i.e. hydiazine-subsnnited pyridines or nicotinamides. 

Examples of suitable chelating agents for technetium which form metal complexes 
resistant to transudation include, hut are not limited to: 

(i) diaminedioximes of formula: 




where E'-E $ are each independently an R' group; 

each R' is H or Ci-io alkyl, C 3 . t © alkylaryl, C2-10 alkoxyalkyl, Ci.io bydtoxyalkyl, C|., 0 
fluoroalkyl, Cwo caxboxyalkyl or Cuo aminoalkyl, or two or more R' groups together 
with the atoms to which they are attached form a carbocyclic. heterocyclic, saturated or 
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unsaturated ring, and wherein one or more of the R.' groups is conjugated to the caspase-3 
inhibitor; 

and Q is a "bridging group of formula -(J)r ; 

where f is 3, 4 or 5 and each J is independently -O-, -NR'- or -C(R> provided that -(J> 
5 contains a maximum of one J group which is -O- or-NR*-. 

Preferred Q groups are as follows; 

Q = -<CH2)(CHR')(CH2> ie, propyleneainine oxirae or PnAO derivatives; 
Q = -(CH2)2(CHR r )(CH3)2- ie. pentyleueamiue oxime or PentAO derivatives; 
10 Q- -(CH 2 )2NRXCH2)2-, 

E l to E 6 are preferably chosen from: C« alkyl, alkylatyl aitoxyalkyl, hydroxyalky!, 
fluoroalkyl, carboxyalkyl or ammoaDcyl. Most preferably, each E l to E 6 group is CH*. 

15 1 The caspase-3 inhibitor is preferably conjugated at either the E 1 or E? R' group, or an R r 
: group of the Q moiety. Most preferably, the caspase-3 inhibitor is conjugated to an RJ H 
group of the Q moiety. When me caspase-3 inhibitor is conjugated to an R' group of the 
Q moiety, the R r group is preferably at the bridgehead position* In that case, Q is 
preferably -(CHOCCHR'XCH^ , 

20 KCHOzCCHR'XCH^z- or KCH^NR'CCIfck-, most preferably ^CHaMCHR'XCftiV. 

An especially preferred bifimcdonal diammedioxitne chelator is Chelator 1 : 



such that the caspase-3 inhibitor is conjugated via the bridgehead -CH2CH2NH2 group. 




(Chelator I) 
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(ii) N 3 S ligands having a thioltriamide donor set such as MAG 3 (mercaptoacetyluigrycine) 
and related ligands; or having a diamidcpvridinethiol donor set such as Pica; 

5 (iii) N2S2 Kgands having a diaminedithiol donor se* such as RAT or BCD (i.e. 
emylcysteinate dimer), or an aiin^eaminedithiol donor set such as MAMA; 

(iv) N 4 Kgands which arts open chain or macrocyclic Kgands having a tetramine, 
amidetriainine or diamidediamiiie donor set, such as cyclam, monoxocyclam or 

10 dioxocyclam. 

(v) N2O2 ligands having a diammediphenol donor set. 

The above described ligands are particularly suitable for complexmg technetium eg. ^"Tc 
or Tc, and are described more fully by Jurisson et at [ChemJtev., 99, 2205-2218 
(1999)1- The ligands are also useful for other metals, such as copper ( M Cu or 67 Cu), 
vanadium (eg. *V). iron (eg. ^Fe), or cobalt (eg. ^Co). Other suitable ligands are 
described in Sandoz WO 91 /Ol 144, which includes ligands which are particularly suitable 
for indium, yttrium and gadolinium, especially macrocyclic aniinocarboxylate and 
anunophosphonic acid Kgands. Ligands which form non-ionic (i.e. neutral) metal 
complexes of gadolinium are known and are described in US 4885363. When the 
radiometal ion is technetium, the ligand is preferably a chelating agent which is 
tetradentate. Preferred chelating agents for technetium are the dwmmedicodmes, or those 
having an N 2 S 2 or N3S donor set as described above. 



IS 



20 
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When the imaging moiety is a radioactive halogen, such as iodine, foe caspase-3 inhibitor 
is suitably chosen to include: a nonradioactive precursor halogen atom such as an aryl 
iodide or bromide (to permit radioiodine exchange); an activated precursor aryl ring (e.g. 
a phenol group); an organometallic precursor compound (eg. triallsyltin or ttialkylsilyl); 
30 or an organic precursor such as triazenes or a good leaving group fornucleophilic 

substitution such as an todonium salt. Methods of introducing radioactive halogens 
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(including m I and l *F) are described by Bolton [JJLab.Comp J&adiopharm., 45, 485-528 
(2002)]. Examples of suitable precursor ajyj groups to which radioactive halogens, 
especially iodine can be attached are given below: 





Both contain sribstituents which permit facile radioiodine substitution onto the aromatic 
ring. Alternative substituents containing radioactive iodine can be synthesized by direct 
iodination via tadiohalogen exchange, e.g. 




10 When the imaging moiety is a radioactive isotope of iodine die radioiodine atom is 

preferably attached via a direct covalent bond to an aromatic ring such as a benzene ring, 
or a vinyl group since it is known that iodine atoms bound to saturated aliphatic systems 
are prone to in vivo metabolism and hence loss of the radioiodine. 

15 When the imaging moiety comprises a radioactive isotope of fluorine (eg. I8 F), the 

radioiodine atom may be introduced via direct labelling using the reaction of 1B F-QuoxidB 
with a suitable precursor having a good leaving group, such as an alkyl bromide, alky] 
mesylate or alkyl tosylate. * $ F can also be introduced by N-alkylation of amine 
precursors with alkylating agents such as 1 ^GfafcOMs (where Ms is mesylate) or 

20 l8 F(CH2) 3 Br to give N-(CH2>3 ,a F, or O-alkylation of hydroxyl groups with ^(CHskOMs 
or l8 F(Cffc) 3 Bri can also be introduced by alkylation of N-haloacetyl groups with a 
^(CHj&SH reactaniv to give -NH(CO)CH2S(CH2)3 18 F derivatives. For axyl systems, 
1S F- fluoride displacement of nitrogen from an aryl diazonium salt is a possible route to 



25-NOV-03 - 16:45 - — FROM-amsrsham-group patents - +01494 8438Tr T-8T8 P- 023/060 F-246 



-. r -irr 3 — -s» - 



18 

aiyl- ,8 F derivatives. See Bolton, J.L*0-Comp.Radiopliaim., 45, 485-528 (2002) for a 
description of routes to lS F-labelled derivatives. 

For maximum sensitivity in vh*> it is most preferred that the imaging moiety comprises a 
5 radioactive element. The imaging moiety preferably comprises a positron-emitting or a 



The synthetic caspase-3 inhibitors of the present invention are preferably selected from 

the following: 
10 (i) a tetxapeptide derivative of Formula JJSx 

Z'-Asp-Xaal -Xaa2-Asp-CO-X l (HI) 
where Z 1 is a metabolism inhibiting group attached to the N-termiruis of the 
tetrapeptide; 

Xaal and Xaa2 are independently any amino acid; 
15 X 1 is an -R l Or-CHbOR. 2 group attached to the carboxy terminus of the 

tetrapeptide; 

where R 1 is H, -CH 2 F, -CH 2 C1, Ci-s alkyl ,C W alfcoxy or -(CHOqAr 1 , 
where q. is an integer of value 1 to 6 and Ar 1 is atyi, C5-12 alkyl-aryl, Cs-12 
fluoro-sitostituted atyl, or C 3 .ia heteroaryl; 

20 R 2 is C1.5 alkyU Ci .ifl acyl or Ar 1 ; 

(ii) a quinazotme or anilinoquinazoline; 
(Hi) a 2-oxindole sulphonamtde; 

(iv) an oxoazepinoindoline; 

(v) a compound of Formula IV 
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where X 2 is H, C,.* alkyl or -(CH 2 )KS)^(CH 2 )^r 3 , where r and t axe 
integers of value 0 to 6. s is 0 or 1 and Ar 3 is Ce.i2 aiyl, C5-12 alkyl- 
5 substituted aryl, C5-12 halo-substituted aryl, or C^i2 heteioaiyl; 

At 2 is C*-i2 aayl or C3-12 heteroaxyl; 
X 3 is an R b group; 
XHs-SCfc-or-CRs- 

R° is EL, Ci^s alkyl orP^ where P CP is a prowling group; 
10 R b isanR a grouporCi^acyl; 

each R c is independently H or Ci-s alkyl; 
(vi) ft compound of Formula V 




is 



(vii) a pyrazinone. 
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By the term "amino acid" is meant an I- oriXamino acid, amino acid analogue or amino 
acid mimetic which may be naturally occurring or of purely synthetic origin, and may be 
optically pure, i.e. a single enantiorner and hence chiral> or a mixture of enantiomers. 
Preferably die amino acids of the present invention are optically pure, In Formula IIL, 
5 Xaal and Xaa2 ate most preferably any L-amino acid. Xaal-Xaa2 is preferably Glu-Val 
or Gin-Met. 

Peptide aldehyde (X± R 1 = H), ketone (X 1 - R 1 = Ci-s alkyl or -(OH^qAr 1 ) or 
phenoxymethyJketone (X l -= -CH 2 OR z and R 2 = Ar l = phenyl) inhibitors of Formula m 

10 are reversible caspase inhibitors, whereas chloromethyl and fluoromelhyl derivatives 
(X l = R l = -CH2F or -CffcCl), plus acyloxymethylketones (X l = -CH 2 OR 2 and R 2 = Ci-io 
acyl) are irreversible inhibitors. The halomefhylketone peptides are believed to bind to 
the cysteine of caspase-3, forming a thiometiiyl ketone and thus irreversibly inactivating 
the enzyme. As indicated above, such irreversible inhibitors are preferred. Hence, X 1 is 

15 preferably -CHzF or-CH 2 OR* with R 2 =» C M o acyl. When R 2 is Ci.jp acyl, a preferred 
such acyl group is 2,6-disubstituted benzoyl such as t2 i 6-dimethylphenyl)(0=0>or [2,6- 
&/s(trifluoromethyl)phenyl](C=0). 

By flie term Metabolism inhibiting group** (Z 1 ) is meant a biocompatible group which 
20 inhibits or suppresses in vtvo metabolism of the peptide or amino acid at the amino 

terminus. Such groups are well known to those skilled in the art and are suitably chosen 
from, for the peptide amine terminus: acetyl, Boc (where Boc is terr-butyloxycaibonyl), 
Fmoc (where Ftnoc is fluorenylmethoxycarbonyl). benzyloxycarbonyl, trifluoroacetyl, 
allyioxycarbonyl, Dde [i.e. l<4,4-*iimeftiyl-2,6Klfo^^ orNpys (i,e- 

25 3-mtr0-2-pyridine sulfenyl). A preferred metabolism inhibiting group for the peptide N- 
terminus is acetyl. 



In Formula HI, the carboxy group of the aspartyl and glutamyl side chain should be 
present as the free cafboxylate so that the caspase-3 inhibitor is potent. However the 
30 carboxy group can be present as an ester, e_g. methyl ester to improve cell permeability. 
The ester is subsequently deprotected by esterases present in the non-necrotic cells. 
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When the imaging moiety comprises ameial, inhibition of metabolism of the peptide 
amine or carboxyt terminus of the peptide of Formula III is preferably achieved by 
attachment of either or both termini to a metal complex of the metal. 



5 By the term "protecting group" (P CP )is meant a group which inhibits or suppresses 

undesirable chemical reactions, but which is designed to be sufficiently reactive that it 
may be cleaved from the functional group in question under mild enough conditions that 
do not modify the rest of the molecule. After deprotection the desired product is 
obtained. Protecting groups are well known to those skilled in the art and are suitably 

10 chosen from, fbr amine groups: Boc (where Boc is rerz-butyloxycarbonyl), Fmoc (where 
Fmoc is Duotenylmethoxycaibonyl). trifluoroacetyl, allyloxycarbonyl, Dde [i.e. l-(4,4- 
dimethyM.S-dioxocyclohexylidene^tiiyl] orNpys (i-e. 3-nitro-2-^yridine sulfenyl); and 
for caiboxyl groups: methyl ester, terf-butyl ester or benzyl ester. For hydroxyl groups, 
suitable protecting groups are: benzyl, acetyl, benzoyl, trityl (Trt) or trialkylsilyl such as 

15 tetrabutyldimetiiylsiilyl. For thiol groups, suitable protecting groups are: irityl and 4- 

inethoxybenzyL The use of further protecting groups are described in 'Protective Groups 
in Organic Synthesis', Theorodora W. Greene and Peter G- M- Wuts, (John Wiley Sl 
Sons, 1991). 

20 Some caspase-3 inhibitors of Formula in are commercially available, eg. Ac-DEVD- 
CHO, Ac-AAVALLPAVLLALLAP- DEVD-CHO, Z-DEVD-FMK, and Ao-DEVD- 
CMK, which can be purchased from Calbiochem through VWR INTERNATIONAL 
LTD. Hunter Boulevard, Magna Park, Lutterworth LE17 4XN UNITED KINGDOM. 
Others can be prepared as described by Thomberry et al [J.Biol.Chem. B 272 (29), 17907- 

25 1791 1 (1997); ibid, 273 (49), 32608-32613 (1998)]. Peptide-containing caspase-3 
inhibitors and leader peptides of the present invention may also be obtained by 
conventional solid phase synthesis, as described in P- Lloyd-Williams, F. Albericio and 
E. Girald; Chemical Approaches to the Synthesis of Peptides and Proteins, CRC Press, 
1997. 
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QuinazoKne or anilinoquinazolme caspase-3 inhibitors are described by Scott et ol [J. 
Pharmacol. Exper. Ther.. 304(1), 433- 440 (2003))- Preferred such compounds have the 
general FonnuIflVI: 
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0 0 N 




where: R 3 id Hor CI; 
R" is CI or F; 

R 8 is-CONH-X 5 or-CH=CH-Ar 4 , where X s is C w alkyl, Cz* alkenyl or 

^C^V^r 4 ; Where a is 0 or 1, Ar 4 is -CtflsX 6 and X 6 is Hal, CF 3 or 
-SOaKR^R 7 - 

and R 7 axe independently C1-3 alkyl, or may be combined to form a C5.7 
cyclbalkyl ring. 

R 8 is pieferably-CONH-X 5 withX 3 - KCHa^Ar* X 6 is preferably F, CF 3 or 
-SOzNCoHio- 

15 Preferred sulphonamide derivatives of the present invention are of Formula 

VII: 

>*-8-^-~. i-w 



R10 

R11 

Riz R 13 

(vn) 

where: R* is H or Cm alkyl; 

R'° is C,., D alkyl, arytCw alkyl. heteroaryl C 14 alkyl Cj. 7 cycloalkyl, or R 9 and 
R 10 together with the nitrogen atom to which they axe attached form a 3 to 10-membered 
Ting which optionally contains a further heteroatom selected from O, N or S; 

R 1 1 and R 12 are independently H, Cm alkyl, NOa or Hal; 
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R" is H, C,* alfcyl, Co-q arylalkyl or C W i heteroarylalkyl; 
R 14 and R' 5 axe CI Or together with die carbon atom to which they are attached 

form a C=0 carbonyl group. 

Hi Formula VH, R 14 and R' 5 are preferably together equal to OO. ie. an isatin derivative. 
R 13 is preferably or CH 3 - R 9 and R 10 are preferably C^e cycloalkyl, most preferably C s 
cycloalkyl. When R 9 and R 10 are C+4 cycloalkyl, the cycloalkyl ring is preferably 
substihrted with an X 7 group, where X 7 is -CtfcOR 16 c* -CH2NHR 16 and R* is C« alkyl 
or C4.7 aryl. 

The 2-oxindole sulphonamide derivatives of Formula VII can be prepared as described by 
Lee era/ [J.Biol.CIiein., 275, 16007- 16014 (2000)]. 

A preferred oxoazepmoindoline of die present invention is IDN5370, which is shown in 
15 Formula VET. 




(vm) 

Oxoazepinomdoliroes of the present invention are described by Deckwerfli el al IPrug 
Devel. Res., 52, 579- 586 (2001)], and in WO 98/1 1 109. The synthesis is shown in 
Scheme It 



0 



5 



10 



' 28-NOV-09 16:46 FROH-tuwnsham group patents +01484 543977 T-979 P- 029/060 F-246 




Pyrazinones of the present invention are suitably of Fonnula IX: 




R18 

(TX) 



where: 

R" is OH, NH* NHR\ U(R% R\ C M alko*y, Ax*, Het\ X s (CO)-, X B SO- or X^SOa-, 
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where each R? is independently Ci* alkyl, which may optionally be substituted by 
1 to 3 substitute chosen from OH, Ha% CO2IL CF 3 , NHs, NHCH 3a N(CH 3 )2, Ar 5 
and C1-4 acyl, 

Ax 5 is a Co-14 aromatic ring which may optionally be substituted by 1 to 3 
OH, Hal, CO2H, CF 3 , NH 2 , NHCH3, N(CH 3 )2, C1-6 alkyl, Ci* allcoxy, Het 1 or Cm 
acyl substituents, and 

X^sR'.Ar^orHet 1 ; 

Het 1 is a 5 to 15-membered heterocyclic or heteroaryl ring containing 1 to 
4 heteioatoms chosen ftora O, S and N, which may he optionally substituted with 
one or two oxo groups, and 1 tp 3 groups chosen from C1.4 alfcyl, Cm alkoxy, C1-4 
acyl and CF 3 ; 

R IS is H, C1.20 alkyl. At 5 or Het 1 ; 

R ,9 isH, Hal or Ci* alkyl; 

R 20 is H, Cws alkyl, Ar 5 , Het 1 , -{CH^R 1 , -{CH2)zOR l , <CH2) z OC<0)R j or 
-(CHrOJ^R 22 where z is 1,2 or 3; 
RJ is C,_a alkyl, Ar 5 or Het 1 ; and 

R zl and R 22 are independently H, R 1 , Ar 5 or Het 1 , or R 21 and R 22 taken together 
with the nitrogen atom to which they are attached form a 3 to 10-membered ring 
system containing 1 to 4 heteroatoms chosen from O, S, and N which may be 
optionally substituted with one or two oxo groups, and 1 to 3 groups chosen from 
alkyl, Het 1 , Ci-a caiboxy, Cm acyl and Cm carboxamide; 
R d and R e are independently H, Cm alkyl or Ar 5 ox may be combined with the carbon 
atom to which they are attached to form a 3 to 7-membered non-aromatic alicyclic or 
heterocyclic ring optionally containing one hcteroatom chosen from O, S and NR 23 , 
where R 23 is H, Cm attyl or Cm acyl; 

R r and R a are independently H, Ar 5 , Cm alkyl, Cm alkoxyalkyl, or Cs.7 cycloalkyl; 
w is an integer of value Q to 6. 

A prefened pyrazmone which is selective for caspase-3 is L-826,791 or M-826 
[Hotchldss et al, Nature Immunol,, 1(6), 496-501 (2000)]: 



26-NOV-03 16:46 FROM-anraraham group patents 



TUI991 0<MOI I |-oi» r.vvi(»»« • 



2G 




The syndesis of pyrazinone caspase-3 inhibitors of the invention is describe* in US 
5 6,444,81 1, and is shown in Scheme 2 (overleaf). 

The second compound shown (2,3-Butanedionedioxime) is commercially available. 

Compounds of Formula IV can be prepared as described in WO 03/024955- Compounds 
10 of Formula V can be prepared as shown in Scheme 3: 

Scheme 3 
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When the imaging agent of Uie present invention comprises a radioactive or paramagnetic 
metal ion, the metal ion is suitably present as a metal complex- Such metal complexes 
are suitably prepared by reaction of the conjugate of Formula la with the appropriate 
metal ion. The ligand-coiy ugate or chelator-conjugate of the caspase-3 inhibitor of 
5 Formula la cot be prepared via the bifuncuonal chelate approach. Thus, it is well known 
to prepare ligands or chelating agents which have attached thereto a functional group 
(Afunctional linkers 1 " or Afunctional chelates" respectively). Functional groups that 
have been attached include: amine, fhiocyanaie, meleimide and active esters such as N- 
hydroxysuccimmide or pentafluorophenoL Chelator I of the present invention is an 
10 example of an amine-fimctionalised b afunctional chelate. Such bifunctional chelates can 
be reacted with suitable functional groups on the caspase-3 inhibitor to form the desired 
conjugate. Such suitable functional groups on the caspase-3 inhibitor include: 
carboxyls (for amide bond formation with an amine-ftmctionalised bifunctional chelator); 
amines (for amide bond formation with an carboxyl- or active ester-functionalised 
15 bifunctional chelator); 

halogens, mesylates and tosylates (for N-alkylation of an amine-functionalised 
bifunctional chelator) and 

thiols (for reaction with a maleimide-fionctionalised bifunctional chelator). 

20 The radiometal complexes of the present invention may be prepared by reacting a 

solution of die radiometal in the appropriate oxidation state with the ligand corrugate of 
Formula la at the appropriate pH. The solution may preferably contain a ligand which 
complexes weakly to die metal (such as gluconate or citrate) i.e. the radiometal complex 
is prepared by ligand exchange or transchelation. Such conditions are useful to suppress 

25 undesirable side reactions such as hydrolysis of the metal ion. When the radiometal ion 
is ""To, the usual starting material is sodium pettechxietate fiom a 9 *Mo generator. 
Technetium is present in 99m Tc-pertechnetatc in the Tc(VTT) oxidation state, which is 
relatively omeactive. The preparation of technetium complexes of lower oxidation state 
Tc(I) to Tc(V) therefore usually requires the addition of a suitable pharmaceutical^ 

30 acceptable reducing agent such as sodium dithionite, sodium bisulphite, ascorbic acid, 

formamidine sulphinic acid, stannous ion, Fe(II) or Cu(I) 9 to facilitate complexortion. The 
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pharmaceuticaWy acceptable reducing agent is preferably a stannous salt, most preferably 
stannous chloride, stannous fluoride or stannous tartrate. 

When the imaging moiety is a hyperpolarised NMR-active nucleus, such as a 
5 hyperpolarised 15 C atom, the desired hyperpolarised compound can be prepared by 

polarisation exchange £om a hyperpolarised gas (such as l29 Xe or ^e) to a suitable l3 C- 
enriched caspase-3 inhibitor. 

m a second aspect, me present invention provides a pharmaceutical composition which 
1 o comprises foe imaging agent as described above, together wrm a biocompatible carrier, fa 
a form suitable for mammalian administration. The "biocompatible earner" is a fluid, 
especially a liquid, in which die imaging agent can be suspended or dissolved. Such that 
the composition is physiologically tolerable, ie. can be administered to the mammalian 
body without toxicity or undue discomfort. The Incompatible carrier is Suitably an 
15 injectable carrier liquid such as sterile, pyrogeji-free water for injection; an aqueous 
.solution such as saline (which may advantageously be balanced so that the final product 
for injection is either isotonic or not hypotonic); an aqueous solution of one or mere 
tonicily-adjusting substances (eg. salts of plasma cations with biocompatible 
counterions), sugars (e.g- glucose or sucrose), sugar alcohols (eg. sorbitol or mannhol), 
20 glycols (eg- glycerol), or other non-ionic poryol materials (eg. polycthyleneglycols. 
propylene glycols and the like). 

Id a third aspect, the present invention provides a radiopharmaceutical composition which 
comprises the imaging agent as described above wherein the imaging moiety is 
25 radioactive, together with a biocompatible carrier (as defined in the second embodiment 
above), in a form suitable for mammalian administration. Such radiopharmaceuticals are 
suitably supplied in either a container which is provided with a seal which is suitable for 
single or multiple puncturing with a hypodermic needle (e.g. a crimped-on septum seal 
-- closure) whilst maimainmg sterile integrity. Such containers may contain single or 
30 multiple patient doses. Preferred multiple dose containers comprise a single bulk vial 
(e.g. of 10 to 30 cm 3 volume) which contains multiple patient doses, whereby single 
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patient doses can thus be withdrawn into clinical grade syringes at various time intervals 
during the viable lifetime of the preparation to suit <fae clinical situation. Pte-filled 
syringes are designed to contain a single human dose, and are therefore preferably a 
disposable or other syringe suitable for clinical use. The pre-filled syringe may 
optionally be provided with a syringe shield to protect the operator from radioactive dose. 
Suitable such radiopharmaceutical syringe shields are known in the art and preferably 
comprise either lead or tungsten. 

When the imaging moiety comprises """To, a radioactivity content suitable for a 
diagnostic imaging radiopharmaceutical is in the range 180 to 1500 MBq of "Tc, 
depending on the site to be imaged in vivo, the uptake and the target to background ratio. 



In a fourth aspect, the present invention provides a conjugate of a synthetic caspase-3 
mbibhor with a ligand. Said conjugates are useful for the preparation of synthetic 

15 caspase-3 inhibitors labelled with either a radioactive metal ion or paramagnetic metal 
ion. Preferably, the lifiand conjugate is of Formula la. as defined above. The ligand of 
the conjugate of foe fourth aspect of the invention is preferably a chelating agent. 
Preferably, the chelating agent has a diaminedioxime, N 2 S 2 diaminedrthiol or N 3 S 
dianridepyridfoethiol donor set- Most preferably, the chelating agent is a 

20 diaminedioxime. 

In a fifth aspect, the present invention provides precursors useful in the preparation of 
radiopharmaceutical preparations where the imaging moiety comprises a non-metallic 
radioisotope, ie. a gamma-emitting radioactive halogen or a position-emitting radioactive 
25 non-metal. Such "precursors" suitably comprise a nonradioactive derivative of the 
caspase-3 inhibitor which is designed so that chemical reaction with a convenient 
chemical form of the desired non-metallic radioisotope can be conducted in the minimum 
number of steps (ideally a single step), and without the need for significant purification 
(ideally no further purification) to give the desired radioactive product. Such precursors 
30 can conveniently be obtained in good chemical purity. Suitable precursors are derived 
from examples described in Bolton, J -Lab . Comp .Radiopharm., 45, 485-528 (2002). 
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Preferred precursors of this embodiment comprise a derivative which either undergoes 
electrophilic omucleophilic halogenation; undergoes facile alkylation with an alkylating 
agent chosen fe>m an alkyl or fluoroalkyi halide, tosylate, triflatc (ie. 
trifluotomethanesulphonate) or mesylate; or alkylates thiol moieties to form thio ether 
linkages. Examples of'ftie first category are: 

(a) organometallic derivatives such as a trialkylstannane (eg. trimeihylstannyl or 
tributylstannyl), or a triaDcylsilane (eg. trimethylsilyl): 

(b) a non-radioactive allsyl iodide or alkyl bromide for halogen exchange and alkyl 
tosylate, mesylate or triflate for nuclcophilic halogeoation; 

(c) aromatic rings activated towards electrophilic halogenation (eg- phenols) and 
aromatic rings activated towards nucleophilic halogenation (eg. atyl iodonium, 
aryl dia2ordum 0 nitroaryl). 

Preferred derivatives which undergo facile alkylation are alcohols, phenols or amine 
15 groups, especially phenols and stericaUy-unbindered primary or secondary amines. 

Preferred derivatives which alkylate thiol-containing radioisotope rcactanxs are N- 
haloacetyl groups, especially N-chloroacetyl and N-bromoacetyl derivatives, 

20 The "precursor" 17 may optionally comprise a protecting group (P^), as defined above, for 
certain functional groups of the caspase-3 inhibitor. 

Preferred convenient chemical forms of the desired non-metallic radioisotope include: 

(a) halide ions (eg. l23 I-iodide or 19 F-fluoride) 3 especially in aqueous media, for 
25 substitution reactions; 

(b) u C-meihyl iodide or l *F-fluoroaBcylene compounds having a good leaving 
group, such as bromide, mesylate or tosylate; 

(c) HS(CH2>3 18 F for S-alkylation reactions with alkylating precursors such as N- 
chloroacetyl or N-brbmoacctyl derivatives. 

30 Examples of suitable such '^precursors' and methods for their preparation are also 
described in the first embodiment (above). 
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In a sixth aspect, the present invention provides a xum-mdioactive kit for the preparation 
of the radiopharmaceutical composition described above where the imaging moiety 
comprises a radiometal, which comprises a conjugate of a ligand with the caspase-3 
5 inhibitor of Formula (I). When the radiometal is "To, the kit suitably further comprises 
a biocompatible reductant. The ligand conjugates, and preferred aspects thereof; are 
described in the fourth embodiment above. 

Such kits are designed to give sterile radiopharmaceutical products suitable for human 
10 admhristration, e.g. via direct injection into the bloodstream. For "To, the kit is 
preferably lyophilised and is designed to be reconstmned with sterile 99m Tc-pertechnetate 
(TcOaO from a Tc radioisotope generator to give a solution suitable for human 
administration without further manipulation. Suitable kits comprise a container (eg- a 
septum-sealed vial) containing the ligand or chelator conjugate in either free base or acid 
15 salt form, together vrith a "biocompatible leductant" such as sodium dithionite, sodium 
bisulphite, ascorbic acid, fbnnamidine sulphinic acid, stannous ion, Fe(n) or Cu(I). The 
biocompatible reductant is preferably a stannous salt such as stannous chloride or 
stannous tartrate. Alternatively, the kit may optionally contain a meral complex which, 
upon addition of die radiometal, undergoes transmetallation (i.e. metal exchange) giving 
20 the desired product. 

The non-radioactive kits may optionally further comprise additional components such as a 
transchelator, mdioprotectant, antimicrobial preservative, pH-adjusting agent or filler. 
The "transchelator^ is a compound which reacts rapidly to form a weak complex, with 
25 technetium, then is displaced by <he ligand. This minimises the risk of formation of 
reduced hydrorysed technetium (RH.T) due to rapid reduction of pertechnetate competing 
with technetium complexation. Suitable such transohelaiots are salts of a weak organic 
acid, ie. an organic acid having a pKa in die range 3 to 7, with a biocompatible cation. 
Suitable such weak organic acids are acetic acid, citric acid, tartaric acid, gluconic acid, 
30 glucoheptonic acid, benzoic acid, phenols or phosphonic acids. Hence, suitable sabs are 
acetates, citrates, tartrates, gluconates, ghicoheptonates, benzoates, phenolates or 
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phosphonates. Preferred such salts are tartrates, gluconates, gjucoheptonates, benzoates, 
or phosphonates, most preferably phosphonates, most especially diphospbonates. By the 
term "biocompatible cation** is meant a positively charged counterion which forms a salt 
with an ionised, negatively charged group, where said positively charged counterion is 
also non-toxic and hence suitable for administration to the mammalian body, especially 
the human body. Examples of suitable biocompatible cations include: the alkali metals 
sodium Or potassium; the alkaline earth metals calcium and magnesium; and the 
ammonium ion. Preferred biocompatible cations are sodium and potassium, most 
preferably sodium. A prefenred such transchelator is a salt of MDP, ie. 
methylenediphosphonic acid, with a biocompatible cation. 

By the term "radioprotectant" is meant a compound which inhibits degradation reactions, 
such as redox processes, by trapping highly-reactive free radicals, such as oxygen- 
containing free radicals arising from the radiolysis of water. The xadioprotectants of Ihe 
15 present invention are suitably chosen fiom: ascorbic acid, para-aminobenzoic acid (ie. 4- 
aminobenzoic acid), gentisic acid (ie. 2,S-dihydroxyben20ic acid) and salts thereof with a 
biocompatible cation as described above. 

By the term "antimicrobial preservative" is meant en agent which inhibits the growth of 
20 potentially harmful micro-organisms such as bacteria, yeasts or moulds. The 
antimicrobial preservative may also exhibit some bactericidal properties, depending on 
the dose. The main role of the antimicrobial preservative^) of the present invention is to 
inhi bit the growth of any such micro-organism in the radiopharmaceutical composition 
post-recotwtitution, ie. in the radioactive diagnostic product itsel£ The antimicrobial 
2S preservative may, however, also optionally be used to inhibit die growth of potentially 
harmful micro-organisms in one or more components Of the non-radioactive kit of the 
present invention prior to reconstitution. Suitable antimicrobial preservative^) include: 
the parabens, ie- methyl, ethyl, propyl or butyl paraben or mixtures thereof; benzyl 
alcohol; phenol: cresol; ceixhnide and thiomersal. Preferred antimicrobial preseivative(s) 
30 are the paiabetis. 
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The term "pH-adjusting agent" means a compound or mixture of compounds useful to 
ensure that the pH of the reconstituted kit is within acceptable limits (approximately P H W 
4.0 to 10.5) for human or mammalian administration. Suitable such pH-adjusting agents 
include pharmaceutical*/ acceptable buffers, such as erfcinc, phosphate or TRIS [ie. 
rm^ydroxymediyljaramomefhaiie], and pharmaceutically acceptable bases such as 
sodium carbonate, sodium bicarbonate or mixtures thereof. When the conjugate is 
employed in acid salt form, the P H adjusting agent may optionally be provided in a 
separate vial or container, so that the user of the kit can adjust me pH as part of a multi- 



By the term "filler" is meant a pharmaceutically acceptable bulking agent which may 
facilitate material handling during production and lyophilisatton. Suitable fillers include 
inorganic salts such as sodium chloride, and water soluble sugars or sugar alcohols such 
as sucrose, maltose, mannitDl or trehalose. 



In a seventh aspect, me present invention provides kits for the preparation of 
radiopharmaceutical preparations where the imaging moiety comprises a non-metallic 
radioisotope, ie. a gamma-emitting radioactive halogen or a positron-emitting radioactive 
non-metal. Such kits comprise the "precursor" of the fifth embodiment, preferably in 
20 sterile non-pyrogenic form, so that reaction with a sterile source of the radioisotope gives 
the desired radiopharmaceutical with die minimum number of manipulations. Such 
considerations are particularly important for radiopharmaceuticals where the radioisotope 
has a relatively short half-life, and for ease of handling and hence reduced radiation dose 
for the ladiopbarmacist. Hence, the reaction medium for reconstitution of such kits is 
25 preferably aqueous, and in a form suitable for mammalian administration. 
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The "precursor" of the fch is preferably supplied covalently attached to a solid support 
matrix. In that way, the desired radiopharmaceutical product forms in solution, whereas 
starting materials and impurities remain bound to the solid phase. Precursors for solid 
phase electrophiUc fluorination with l *F-fiuoride are described in WO 03/002489. 
5 Precursors for solid phase nucleopfcilic fhiorination with ,8 F-fluoride are described in WO 
03/002157. The kit may therefore contain a cartridge which can be plugged into a 
suitably adapted automated synlhesizer. The cartridge may contain, apart from the solid 
support- bound precursor, a column to remove unwanted fluoride ion, and an appropriate 
vessel connected so as to allow the reaction mixture to be evaporated and allow the 

i 

10 product to be formulated as required. The reagents and solvents and other consumables 
required for the synthesis may also be included together with a compact disc carrying the 
software which allows the synthesiser to be operated in a way so as to meet the customer 
requirements for radioactive concentration, volumes, time of delivery etc. Conveniently, 
all components of the ldt are disposable to minimise the possibility of contamination 

1 5 between runs and will be sterile and quality assured. 



In an eighth aspect, me present invention discloses the use of the imaging agent of the 
first embodiment for the diagnostic imaging in vivo of disease states of the mammalian 
body where caspase-3 is implicated. Such non-invasive imaging would relate to caspase- 
20 3 in abnormal apoptosis, and would be useful in monitotmg cell death in a number of 
diseases. It is believed that in pathologies where cell proliferation and apoptosis is high, 
eg. myocardial iruarction, aggressive tumours and transplant rejection, apoptosis imaging 
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would be valuable. Such imaging would also be of value in the monitoring of 
chemotherapeutic drug therapy for these conditions- 

In other diseases where apoptosis is thought to be important, but the number of apoptotic 
events is relatively rare- such as in Alzheimer's disease, the available cell pool would be 
small and hence much more difficult to visualise. It is therefore believed likely that the 
apoptosis imaging agents of the present invention are best applied to pathologies where 
apoptosis is relatively acute, such as that seen in myocardial infarctions, aggressive 
tumours and transplant rejection. For those diseases in which apoptosis is more chrome, 
such as neuropathologies and less aggressive tumours, there may he insufficient apoptotic 
cells to register above background. 



Essentially all treatments for cancer, including radiotherapy, chemotherapy or 
immunotherapy, are intended to induce apoptosis in their tumour cell targets. The 

IS imaging of apoptosis may have the capability for providing rapid, direct assessment or 
monitoring of the effectiveness of tumour treatment which may fundamentally alter the 
way cancer patients are managed. It is anticipated that patients whose tumours arc 
responding to therapy will show significantly increased uptake of the imaging agent due 
to the elevated apoptotic response in fee tnmour. Patients whose tumours will not respond 

20 to further treatment may be identified by the failure of their tumours to increase uptake of 
the imaging agent post-treatment. 

The evaluation of therapeutic intervention in cancer patients with measurable disease nas 
several applications: 

25 • the evaluation of the anti-neoplastic activity of new anti-cancer drugs; 

* to determine efficacious therapeutic regimens; 
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• die identification of ihe optimal dose and dosing schedules for new anticancer 
dmgs; 

• the identification of optimal dose and dosing schedules for existing anticancer 
drugs and drug, combinations; 

5 • the more efficient stratification of cancer patients in clinical trials into respondeis 

and non-respondeis of therapeutic regimens; 

• the efficient and timely evaluation of response of individual patients to established 
therapeutic anticancer regimens* 

The invention is illustrated by the non-limiting Examples detailed below. Example 1 
10. describes the synthesis of the compound l,l,l-/raC2-aminoethyl)racttiane. Example 2 

provides an alternative synthesis of l,l 7 l-M5(2-^minoethyl)methane which avoids the use 
of potentially hazaidous azide intermediates. Example 3 describes the synthesis of a 
chloromttosoalkane precursor. Example 4 describes the synthesis of a preferred amine- 
substituted bifunctional diaroinedioxime of the present invention (Chelator 1). Examples 
15 5 and 6 provide the syntheses of suitable I8 F-Iabelled compounds for l8 F radiolabetling of 
oaspase-3 inhibitors. Example 7 demonstrates that a specific caspase-3 inhibitor is taken 
up in apoptotic cells in vitro. This shows that caspasc-3 can be imaged in situ. 



20 

Example li Synthesis of l,l.l^ /sr2>ammoethvnmethane, 

fSten al: 3- fmeThoxvcarbonvlme thylene^lutaric acid dimethvlcster. 
C^Aomeflioxymethylenetriphenylphosphotane (l67g> 0.5mol) in toluene (600ml) was 
25 treated with dimethyl 3-oxoglutaiate (87g, O.Smol) and the reaction heated to 100°C on 
an oil bath at 120°C under an atmosphere of nitrogen for 36h. The reaction was then 
concentrated in vacuo and the oily residue triturated with 40/60 petrol cthcr/diethylether 
1:1, 600ml. Triphenylphosphine oxide precipitated out and the supernatant liquid was 
decanted/filtered off. The residue on evaporation in vacuo was Kugelrohr distilled under 
" 30 high" vacuum Bpt (oven temperature 180-200°C at 0.2torr) to give 

3-(methoxycaxbonylme*ylene)glutaric acid dimethylester (89.0Sg, 53%). 
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NMR 'H(CDCU): 8 331 (2H, s, CH*), 3.7(9H, s, 3xOCH 3 ), 3.87 (2H, s, CHj). 5.79 (1H, 
s, =CH, ) ppm. 

NMR l3 C(CDClj), 6 36.56,CH 3 , 48.7.2xCH 3 , 52.09 and 52.5 (2x0^; 1223 and 146.16 
OCH; 165.9, 170.0 and 170.5 3xCOO ppm- 

5 

rstm bV HvdfQgenarion of 3-(methdxvcarbo nvlmetfavlen^gltttaric acid dimeflrylester. 
3-(methoxycarbonylme£hylene)glutario aciddimethylester (89g, 267mmol) in methanol 
(200ml) was shaken with (10% palladium on charcoal: 50% water) (9 g) under an 
atmosphere of hydrogen gas (3.5 bar) for (30h). The solution was filtered through 
l o kieselguhr and concentrated in vacuo to give 3-(me&oxycarbonylmethyl)glutaric acid 
dhnethylester as an oil, yield (84.9g, 94 %). 

NMR l H(CDCb), $ 2.48 (6H, d, J-8Hz, SxCHa), 2.78 (IH, hextet. J=8Hz CH, ) 3.7 (9H, 
a,3xdfe). 

NMR 13 C(CDCl3)»S 28j6,CH; 3730, 3xCHj; 51.6, 3xCEfc; 172^xCOO. 

15 

(Step cl: Redaction and es tfirification of trimethvl ester to the triacetate. 
Under an atmosphere of nitrogen in a 3 necked 2L round bottomed flask lithium 

aluminium hydride (20g> 588mmol) in tetrahydrofuran (400ml) was treated cautiously 

wifb fris(mefliyloxycarbonykaeifayI)methaiie (40g, 2 12mmol) in tetrahydrofuran (200ml) 

20 over lh. A strongly exothermic reaction occurred, causing the solvent to reflux strongly. 
The reaction was heated on an oil bath at 90°C at reflux for 3 days. The reaction was 
quenched by the cautious dropwise addition of acetic acid (100ml) until the evolution of 
hydrogen ceased. The stirred reaction mixture was cautiously treated with acetic 
anhydride solution (500ml) at such a rate as to cause gentle reflux. The flask was 

25 equipped for distillation and stirred and thai heating at 90°C (oil bath temperature) to 

distil out the tetrahydrofuran. A further portion qf acetic anhydride (300ml) was added, 
the reaction returned to reflux configuration OTd stirred and heated in an oil bath at 140°C 
for 5h. The reaction was allowed to cool and filtered. The aluminium oxide precipitate 
was washed with ethyl acetate and the combined filtrates concentrated on a rotary 

30 evaporator at a water bath temperature o f 50 Q C in vacuo (5 rnmHg) to afford an oil. The 
oil was taken up in ethyl acetate (500ml) and washed with saturated aqueous potassium 
carbonate solution. The ethyl acetate solution was separated, dried over sodium sulphate. 
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and concentrated In vacuo to afford an Oil. The oil was Kugelrohr distilled in higJi 
vacuum to give /rw(2-9cetoxyethyl)metnane (45.3& 96%) as an oil. Bp. 220 °C at 0.1 
romUg. 

NMR l H(CDCl 3 ), S 1.66(7H, m ? 3xCHb, CH), 2.08(1H, s„ 3xOH 3 ); 4.1(6H, t, 3xCH 2 0). 
S NMR 13 C(CDCl3), & 2Q.&, CH 3 ; 29.34, CH; 32.17, CH 3 ; 62.15, CHzO; 171, CO. 

fStep d): Removal of Acetate croups fr om the triacetate, 

IKs(2-acetoxyethyl)methaiie (4S.3& l65mM) in methanol (200ml) and 880 ammonia 
(100ml) was heated on an oil bath at 80°C for 2 days. The reaction was treated with a 

10 further portion of 880 ammonia (50mi) and heated at 80°C in an oil bath fi>T 24h. A 
further portion of 880 ammonia (50ml) was added and the reaction heated at 80°C for 
24h- The reaction was then concentrated in vacuo to remove all solvents to give an oU- 
This was taken up into 880 ammonia (150ml) and heated at 80°C for 24h, The reaction 
was then concentrated in vacuo to remove all solvents to give an oil. Kugeliohr 

15 distillation gave acetamide bp 170-1 80 02mm. The bulbs containing the acetaraide wcte 
washed clean and the distillation continued. 3>is<2-hydioxyethyl)methane (22.53g, 92%) 
distilled at bp 220 °C02imn. 

>IMR l H(C3DCl3X S 1-45(6H, q, SxCHtf, 2J2(lH, quintet, CH); 3 J(6H P t3xCH 2 OH); 
5.5(3H,brs,3xOH). 
20 NMR l X(CDa3). 5 22.13, CH; 33 .95. 3xCH2i 57.8, 3xCHkOH. 

(Step e^: Conversion of the triol to the rrfafme thanesuhihonate^. 

To an stirred ice-cooled solution of /^(2-hydroxyethyl)methane (lOg, 0-0676mol) in 

dichlorometbane (50ml) was slowly dripped a solution of methanesidphonyl chloride 

25 (40g, 0.349mol) in dichloiomethane (50ml) under nitrogen at such a rate that the 

temperature did not rise above 15 P C. Pyridine (21.4& 0-27mol, 4eq) dissolved in 

dichloipmethane (50ml) was then added drop-wise at such a rate that the temperature did 

not rise above 15°C, exothermic reaction. The reaction was left to stir at room 

temperature for 24b and then treated with 5N hydrochloric acid solution (80ml) and the 

30 layers separated. The aqueous layer was extracted with further dichloromethane (50ml) 

and the organic extracts combined, dried over sodium sulphate, filtered and concentrated 

in vacuo to give tri5[2-(methylsulphonyloxy)ethyl]methane contaminated with < 

methanesulphonyl chloride. The theoretical yield was 25.8g. 
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NMR l H(CDCl 3 ), 5 4.3 (6H, t, 2xCEk), 3.0 (9H, s t 3xCH 3 ), 2 (1H, hextet, CH), 1 .85 (6H, 
q,3xCHa). 

5 A stirred solution of fri^[2<tnethylsulphcmyloxy)ethyI]methane [from Step 1(e), 

contaminated with excess methylsulphonyl chloride] (25.8g, eTmmol, theoretical) in dry 
DMF (250ml) undo: nitrogen was treated with sodium azide (30,7g, Q-47mol) portion- 
wise over 1 5 minutes, An expfherm was observed and the reaction was cooled on an ice 
bath. After 30 minutes, the reaction mixture was heated on an oil bath at 50 P C for 24h. 
10 The reaction became brown in colour. The reaction was allowed to cool, treated with 
dilute potassium carbonate solution (200ml) and extracted three times wifii 40/60 petrol 
ether/dieftiylethcr 10:1 (3x150ml). The organic extracts were washed with water 
(2x150ml), dried over sodium sulphate and filtered. Ethanol (200ml) was added to the 
petrol/ether solution to keep the triazide in solution and the volume reduced in vacuo to 
15 no less than 200ml. Ethanol (200ml) was added and reconcentrated in vacuo to remove 
the last traces of petrol leaving less than 200ml of ethanolic solution. The ethanol 
solution of nriazide was used directly in Step 1(g)- 

CATtE' DO NOT REMOVE ALL THE SOLVENT AS THE AZIDE IS 
POTENTIALLY EXPLOSIVE AND SHOULD BE KEPT IN DILUTE SOLUTION AT 

20 ALL TIMES. j 

Less than 0.2ml of the solution was evaporated in vacuum to remove ttte ethanol and an 
NMR run on this small sample: 

NMR ! H(CDCl3), S 3.35 (6H, t, 3tlCU^ 9 1.8 (1H, septet, CH, )♦ 1.6 (6H, q, 3xCH:0. 

25 fStep Preparation of LI , 1 -yW^?-aTninoefl iyl)methane, 

7Ws(2-aridoefliyl)ineihane (15.06g, 0.0676moi), (assuming 100% yield from previous 

reaction) in ethanol (200ml) was treated with 10% palladium on charcoal (2& S0% water) 

and hydrOfieaated for 12h. The reaction vessel was evacuated every 2 houts to remove 

nitrogen evolved from the reaction and refilled with hydrogen. A sample was taken for 

30 NMR analysis to confirm complete conversion of the triazide to the triamine. 

Caution: unreduced asride could explode on distillation. The reaction was filtered 

through a Celite pad to remove the catalyst and concentrated in vacuo to give xris(2- 

aminoethyl)raethane as an oil. This was further purified by Kugelrohr distillation 



* 
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bp*l80-200 D C at 0.4mm/Hg to give a colourless oil (8,1 & 82-7% overall yield ftom the 
triol). 

NMR ! H(CDCl3), 6 2.72 (6H, t, 3xCH 2 N), 1.41 (H, septet, CH), 1.39 (6H, q, 3xCHb}. 
NMR. ,3 C(CDC1 3 ), 8 39.8 (OfcNHa). 38.2 (CHa-), 31.0 (CH), 

5 

Example 2s Alternative Preparation of l.l.l-/mf2-aminoet hvnmethane, 

f Step aV Amidaiton of irimeth vlester with r>-iriethoxv-bea^laiaiiie. 
10 J/i?(methy]oxyc»rbonylTTiethyI)mBthane [2 g, 8 .4 mmol; prepared as in Step 1 (b) above] 

was dissolved in p-methoxy-benzylaraine (25 g, 178.6 mmol), The apparatus was set up 

for distillation and heated to 120 *C for 24 his under nitrogen flow. The progress of the 

reaction was monitored by the amount of methanol collected. The reaction mixture was 

cooled to ambient temperature and 30 ml of ethyl acetate was added, then the precipitated 

1 5 triamide product stirred for 30 min. The triamide was isolated by filtration and the filter 

cake washed several times with sufficient amounts of ethyl acetate to remove excess p~ 

methoxy-benzytamine. After drying 4.6 gv lOO %, of a white powder was obtained. The 

highly insoluble product was used directly in the next step without further purification or 

characterisation. 

20 

(Step hi: Preparation of I A J-^'a{2-fj^methoxyb 

To a 1000 ml 3-necked round bottomed flask cooled in a ice-water bath the triamide from 
step 2(a) (10 g, 17.89 mmol) is carefully added to 250 ml of 1M borane solution (3.5 g, 
244.3 mmol) borane. After complete addition the ice-water bath is removed and the 

25 reaction mixture slowly heated to 60 °C. The reaction mixture is Stirred at 60 °C for 20 
hrs. A sample of the reaction mixture (1 ml) was withdrawn, and mixed with 0.S nil 5N 
HC1 and left standing for 30 min. To the sample 0.5 ml of 50 NaOH was added, followed 
by 2 ml of water and the solution was stirred until all of the white precipitate dissolved. 
The solution was extracted with ether (5 ml) and evaporated. The residue was dissolved 

30 in acetonitrile at a concentration of 1 mg/ml and analysed by MS. If mono- and diamide 
(M+H/z = 520 and S34) ate seen in the MS spectrum, the reaction is not complete. To 
complete the reaction, a farther 100 ml of 1M borane THF solution is added and the 
reaction mixture stirred for 6 more hts at 60 °C and a new sample withdrawn following 
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the previous sampling pioceduic. Further addition of the 1 M borane in THF solution is 
continued as necessary until there is complete conversion to the triamine. 

The reaction mixture is cooled to ambient temperature and SN HC1 is slowly added, 
[CARE*, vigorous foam formation occurs!]. HO was added until no more gas evolution 
is observed. The mixture was stirred for 30 min and then evaporated. The cake was 
suspended in aqueous NaOH solution (20-40 %; 1 2 w/v) and stirred for 30 minutes. The 
mixture was then diluted with water (3 volumes). The mixture was then extracted with 
diethylether (2 x 150 ml) [CARE: do not use halogehated solvents]. The combined 
organic phases were men washed with water (Ix 200 ml), brine ( 1 50 ml) and dried over 
magnesium sulphate. Yield after evaporation: 7.6 g, 84 % as oil. 
MMR l HCCDCl3), 5: 1.45, (6H, m, 3-xCHi; 1.54. <1H, septet, CH); 2.60 (6H, t. 
SxCIfcN); 3.68 (6H, s, AxCH^ 3.78 (9H, a, SxCrfeO); 6.94<6H, d, 6xAr). 7-20(6H, d, 
6xAr). 

•NTMR li CtCDCUy * <tt„17.CH: ™ 44 g^g 47JQ, Qtfe 33.S6. ArCHv. 55,25, CgaO ; 
113,78, At: 129 ** At: 132.61: An 158.60, Ar; t .i 

fRitt p qV. Preparation 1 J -1 -fnLrf2-ammoethyT)methane_ 

l,l,l-n™[2.<p-metiioxybeoz^^ (20.0 gram, 0-036 mol) was 

20 dissolved in methanol (100 ml) and PdCOH^ (5.0 gram) was added. Tie mixture was 
hydrogenated (3 bar, 100 in an autoclave) and stirred for 5 hours. Pd(OH)2 was 
added in two more portions (2 x Sgram) after 10 and 15 hours respectively. 
The reaction mixture was filtered and the filtrate was washed with methanol- The 
combined organic phase was evaporated and the residue was distilled under vacuum 
25 (1 x 10 * 110 °Q to give 2.60 gram (50 %) of 1.1,1 -^2-aininoemyl)memane identical 
with the previously described Example I . 



15 



30 



Example^; Preparation «f 3-ehloro-^-ttigthvl-2-nitrosobntane. 
A mixture of 2-memyibut-2.ene (147ml, 1.4mol) and isoamyl nitrite (156ml, 1 -l6moD 
vras cooled to -30 "Cm a bath of cardice and methanol and vigorously stirred with an 
overhead air stirrer and treated dropwise with concentrated hydrochloric acid (I40ml, 
USSmol ) at such a rate that the temperature was maintained below -20°C This requires 



26-NOV-0a 16:51 FROM-ansrihara »roup Patants . -+01484 64397T T-878 P-OWCBO F-24B 



43 



about lh as there is a significant exothenn and care must be taken to prevent overheating, 
Ethanol (100ml) was added to reduce fee viscosity of the slurry that had formed at the 
end of the addition and the reaction stirred at -20 to -10°C tor a further 2h to complete 
the reaction. The precipitate was collected by filtration under vacuum and washed with 
4x30ml of cold (-20*C) ethanol and 100ml of ice cold water, and dried in vacuo to give 3- 
chloro-3-methyl-2-nitrosobutane as a white solid. The ethanol filtrate and washings were 
combined and diluted with water (200ml) and cooled and allowed to stand for lh at - 
10°C when a further crop of 3-chlOTO-3 -raeihyl-2-nitrosobutane crystallised out. The 
precipitate was collected by filtration and washed with the minimum of water and dried 
in vacua to give a total yield of 3-ohloro-3-mefliyl-2-nitrosobutane (1 15g 0.85mol, 73%) 
>98% pure by NMR. 

NMR 'HCCDCfe), As a mixture of isomers (isomer 1, 90%) 1.5 d, (2H, Cth), 1.65 d, 
(4H. 2 XCH3), 5.85,q, and 555^, together 1H. (isomer 10%), 1.76 s, (6H, 2x CHa)» 
2.07(3H, CH 3 ). 

Example 4: Synthesis of bisIN-d - 1 -dimethvl-2-N-h vdroxyimm ft propyl>2- 
amlnoerhvlW2-aminnethvnm- rt*aw<> rtThelator n. 

To a solution of r^2-*minoeihyl)metnane (4.047g, 27.9mmoI) in dry ethanol (30ml) 
20 was added potassium carbonate anhydrous (7.7g, 55 .8mmol, 2eq) at room temperature 
wife vigorous stirring under a nitrogen atmosphere. A solution of 3-cbloro-3-methyl-2- 
nitrosobutane (7.56g, 55.8mol, 2eq) was dissolved in dry ethanol (100ml) and 75ml of 
this solution was dripped slowly into the reaction mixture. The reaction was followed by 
TLC on silica [plates run in dichloromethane, methanol, concentrated (0.88sg) ammonia; 
23 1 00/30/5 and fee TLC plate developed by spraying with nmhydrin and heating] . The 
mono-, di- and tri-al!cylated products were seen with RF's increasing in that order. 
Analytical HPLC was run using RPR reverse phase column in a gradient of 7.5-75% 
acetonitrile in 3% aqueous ammonia. The reaction was concentrated in vacuo to remove 
fee ethanol and resuspended in water (110ml). The aqueous slurry was extracted wife 
30 ether (100ml) to remove some of the trialkylated compound and lipophilic impurities 
leaving the mono and desired dialkylated product in the water layer. The aqueous 
solution was buffered with ammonium acetate (2eq, 4.3g> 55.8mmol) to ensure good 
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chromatography. The aqueous solution was stored at 4°C overnight before purifying by 
automated preparative HPLC. 
Yield (2.2g, 6.4ramol. 23%). 

Mass spec; Positive ion 10 V cane voltage. Found: 344; calculated M+H= 344. 

5 NMR 'H(CDC1 3 ), 5 I J24(6H, s, 2xOfe), 1.3(6H, 5, 2xCHb), l^lJ5(m, m. 

3xCH2.CH), (3H, s, 2xCK£, 2.58 (4H, m, CHaN), 2.88(2H, t CH2N2). 5-0 (6H, s, NH 2 , 
2xNH, 2xOH). 

NMR 'H ((CDs^SO) 81 -1 4xCH; 1.29. 3xCHj; 2.1 (4H, t, 2xCH a ); 
NMR !3 C((a>3)2SO), S 9.0 <4xCH 3 ), 25.8 (2XCH3), 31 .0 2x0%, 34.6 dfe, 56.8 
10 2XCH2N; 1603. ON. 

HPLC conditions: flow rate SmlAnin using a 25mm PRP column 

A=3% ammonia solution (sp.gr = 0.88) /water, B = Acetonitrile 

Time %B 
15 0 7-5 . 

15 75.0 

20 75.0 

22 7.5 

30 7.5 
20 Load 3ml of aqueous solution per run, and collect in a time window of 12.5-133 mm. 

SsaffiBte g; Synthesis of the ^-Labelle d Privative far N-alkvlation; 
Synthesis of H l * F1 fluoropnopvl tosvlate, 

[ na F] F7 Kryp 2.2.2/KaCC^ 



25 



CtyON. 100°GM0 irin 



Via a two-way tap Rryptofix 222 (lOmg) in acetonitrile (300 fd) and potassium c&ibonate 
(4rag) in water (300 prepared in a glass vial, was transferred using a plastic syringe 
(1ml) into a carbon glass reaction vessel sited in a brass heater. 1B F-fluoride (185- 

30 370MBq) in the target water (0_5-2ml) was then added through the two-way tap. The 

heater was set at 125°C and the timer started. After ISmins three aliquots of aretanitrite 
(0.5ml) were added at lmin intervals. The l8 F-fIuortde was dried up to 40mms in total- 
After 40mins, the heater was cooled down with compressed air, the pot Kd was removed 
and 1,3-piOpanediol-di-p-tosylate (S-l2rag) and acetonitrile (1ml) was added. The pot lid 

35 was replaced and the lines capped off with stoppers. The heater was set at 100°C and 
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labelled at lOO°C/l(taiin$. After labelling, 3-[ l8 F] fluoiopropyt msylaie was isolated by 
Gflson BP HPLC using the following conditions: 

Column u-bondapak CI 8 7.8x300mm 

s Bluent Water (pump A): Acetonitril© (pump B) 

Loop Size 1ml 

Pump speed 4ml/min 

Wavelength 254nm 

Gradient S-90% eluent B over 20 min 

10 Product Rt 12 min 

Once isolated, the cut sample (co. 10ml) was diluted with water (10ml) and loaded onto a 
conditioned CI 8 sep pak. The Sep pak was dried with nitrogen for ISmins and flushed 
off with an organic solvent, pyridine (2ml)* acetonitrile (2ml) or DMF (2ml). Appro*, 
15 99% of the activity was flushed off. 

3_[ 1B F] fluoiopiopyl fosylate is used to N-alkylate amines by refluxmg in pyridine. 



20 Example 6: r I8 FWThiol Derivative for S-aHcrtation. 

Step fal: Preparation of 3-r l8 F "l fluoTo-tritvlsulfanvl-propane, 

pBF]P/Kryp2^.2/K 2 C0 3 



25 



30 



TrS OM& 

DMSO, 60°C/5 mfn 

Via a two-way tap Kiyptofix 222 (lOrog) in acetonitrile (800 fd) and potassium carbonate 
(lmg) in water (50 /d), prepared in a glass vial, was transferred using a plastic syringe 
(lml) to the carbon glass reaction vessel situated in the brass heater. l8 F-fluoride (185- 
370 MBq) in the target water (0.5-2ml) was men also added through the two-way cap. 
The heater was set at 125°C and the rimer started. After 1 Smins three aliquot* of 
acetonitrile (0.5ml) were added at lmin intervals. The l8 F-fluoiida was dried up to 
40mins in total. After 40mins > the heater was cooled down with compressed air, the pot 
lid was removed and trunethyI-(3 -tritylsulfanyl~propoxy)silane (l-2mg) and DMSO 
(0.2ml) was added. The pot lid was replaced and the lines capped off with stoppers. The 
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ID 



15 



heater was set at 80 °C and Labelled at 80 °05mins. After labelling, the reaction mixture 
was analysed by RP HPLC using the following HPLC conditions: 



Column 
EJuent 
Loop Size 
Pump speed 4mVmin 
Wavelength 254nm 



a-bondapak C18 7£x300mm 

0.1%TFA/Water (pump A): 0.1%TFA/Acetcraitrile (pump B) 
lOOul 



Gradient 



1 mins 
15 mins 
5 mins 



40%B 
40-80%B 
80%B 



TTie reaction mixture was diluted with DMSO/water (1 :1 v/v, 0.15ml) and loaded Onto a 
conditioned t-Cl 8 sep-pak. The cartridge was washed with water (1 Oml), dried with 
nitrogen and 3-[ 1B F] fluoro- 1 -tritylsulfanyl-propane was eluted with 4 aliquots of 
acetonitrile (0.5ml per aliquot). 

Step (b* Preparation of 3-[ l8 F] fluoTO-propane-l-thiol 

TFA/TlS/Vfcter 



20 



eO°W 10 rri n 



A solution Of 3-[ 18 F] fluoro- 1 -iritylsulfanyl-propane in acetonitrile (1-2 ml) was 
evaporated to dryness using a stream of nitrogen at l00°C/10mins. A mixture of TFA 
(0.05ml), triisopropylsilane (0 01ml) and water (0.01ml) was added followed by heating 
25 at S0°C/1 Omins to produce 3-[ lB F] flnaio-propane- 1 -thiol . 



Step fc): Reaction with -Nf CC»CH ? C1 Precursors, 

A general procedure for labelling a chloroacetyl precursor is to cool the reaction vessel 
containing the 3-[ l5 F] fluotx^l-mercapto-propane from Step (b) with compressed air, and 
30 then to add ammonia (27% in water, 0. 1ml) and the precursor (lmg) in water (0.05ml). 
The mixture is heated at 80 °CY I Omins. 
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Example 7; J» Kftw Casn ase-3 inhibition assay, 

Jurkat and HL-<50 cells were used in a cell-based model, with apoptosis induced with 
St&urosporin as describe* by Wang et all 
5 "A Rote for Mitochondrial Bak in Apoptotic Response to Anticancer Drugs". J • Biol. 
Cfaem., Aug 2001; TJSi 34307 - 34317. 

The peptide caspase-3 inhibitor FAM-DEVD-FMK* (where the DEVD is the taigeting 
peptide, FaM is a fluorochrome and FMK is fluoromethylketone) [commercially 
10 available farni Serologicals, via Flowgen: Finde! House, Excelsior Rd., Ashby Paik, 
Ashby de la Zouch, Leicestershire, LE65 1NG, United Kingdom] was shown tt> undergo 
uptake in ap aptotic cells using a fluorescent microscope. 
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CLAIMS, 

An imaging agent which comprises a synthetic caspase-3 inhibitor labelled with 
an imaging moiety, wherein *e caspase-3 inhibitor has a for caspase-3 of less than 
2000 nM, and wherein following administration of said labelled caspase-3 inhibitor to 
the mammalian body in vivo, the imaging moiety can be detected either externally in 
a non-invasive manner or via use of detectors designed for use in vivo 



10 2. The imaging agent of Claim 1 , where the synthetic caspase-3 inhibitor has a K/ for 
caspase-3 of less than 500 riM- 

3. The imaging agent of Claims 1 or 2, where the synthetic caspase-3 inhibitor has a 
molecular weight of 150 to 3000 Daitons- 

15 

4. The imaguag agent of claims I to 3, which further comprises a 4 to 20-mer leader 
peptide sequence, wherein said leader peptide facilitates cell membrane transport 
from the outside to the inside of a mammalian cell vivo. 



20 5. The imaging agent of Claims 1 to 4, where the imaging moiety comprises: 

(i) a radioactive metal ion; 

(ii) a paramagnetic metal ion; 

(iii) a gamma-emitting radioactive halogen; 

(iv) a positron-emitting radioactive non-metal; 
25 (v) a hypeipolarised NMR-active nucleus; 

(vi) an optical dye suitable for in vivo imaging. 
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6. The imaging agent of Claim 5 where the synthetic caspase-3 inhibitor conjugate is 



where: 

{inhibitor} is the caspase-3 inhibitor of claims 1 to 3; 

[leader peptide] is as defined in Claim 4 and is attached by either its* amine or 
cerboxyl tenninus; 



-OC- , -CRaCOz- , -C0 2 CR2- , -NRCO- , -CONR- , -NR(00)NR-, 
-NR(OS)NR-, -SOzNR- . -NRSOi- , -CRaOCRr . -CRsSCRa- , -CR2NRCR2- , a 
C44 cycloheteroalkylene group, a C4.8 cycloalkylene group, a C5-12 arylene group, 
or a C3.12 hetero arylene group, an amino acid or a monodisperse 
polyethyleneglycol (PEG) building block; 

R is independently chosen from H, Ci-« alkyi, Cm alkenyl, C 2 ^ alkynyl, 

C1-1 alkoxyalkyl or C M hydroxyalkyl; 

n is an integer of value 0 to 1 0, 

and m is 0 or 1 . 

7. The imaging agent of Claims 1 to 6. where the xadioactive metal ion is a gamma 
emitter or a positron emitter. 

8. The imaging agent of Claim 7, where die radioactive metal ion is BSte Tc, 1 1 l m, 
64 Cu, 67 Cu s * 7 Gaor 6,t Ga. 



of Formula I: 




(Formula I) 




2HOV-03 16:53 . iffiHHunrshan group patents +01404 B43B77 T-07S P -056/060 P-246 




50 



9. The imaging agent of Claims 1 to 6, where the paramagnetic metal ion is Gd(IH), 
Mn(ll) or Fe(III). 

5 10. The imaging agent of Claims 1 to 6, where the gamma-emitting radioactive halogen is 

1 1 . The imaging agent of Claims 1 to 6, where the positron-emitting radioactive non- 
metal is chosen from ,B F, U C, l24 I or l3 N- 

10 

12. The imaging agent of Claims J to 11, where the synthetic caspase-3 inhibitor 
comprises one or more of the caspase-3 inhibitors defined in (i) to (vii): 

(i) a tetrapeptide derivative of Formula in 

Z'-Asp-Xaa l-Xaa2-Asp-CO-X l (HI) 
15 where Z l is a metabolism inhibiting group attached to the N-termimis of the 

tetrapeptide; 

Xaal and Xaa2 axe independently any amino acid; 

X 1 is an -R l or -CHfeOR 2 group attached to the carboxy terminus of Ihe 
tetrapeptide; 

20 where R 1 is H, -CH 2 F a -CHzCl, d-s alKyl ,Ci. 5 alkoxy or -(CH^qAr 1 . 

where 4 is an integer of value 1 to 6 and Ar l is C 6 -i2 aryl, Cs-12 alkyl-aryl, C5.12 

fluoro-substatuted aryl, or C3-12 heteroaryk 
R* is C x * aJkyl, C1-10 acyl or Ar J ; 

(ii) a qumazoline or aixUinoquinazoline; 
25 (Hi) a 2-oxindole sulphonamide; 

<iv) an oxpazepinoindoline; 

(y) a compound of Formula IV 
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where X 2 isH,C,. 5 alkyl or -(CHaMS^CHa)^, where rand tare 
integers of value 0 to 6, 8 is 0 or 1 and Ar* is Cwj aryl, Cs-12 alkyi- 
5 substituted aryl, C5.12 halo-substituted aryl. or C3.12 heteroaryl; 

At 2 is Q.12 aryl or C 3 .ii heteroaryl; 
X s is an R b group; 
X^is-SOi-oT-CRa- 

R a is H, Ci-s alkyl orP° P where P^is a protecting group; 
10 R b isanR*grouporCi- S acyl; 

each R e is independently H or Ci,s alkyl; 
(vi) a compound of Fotmula V 




(V) 



15 (vii) a pyraainone. 
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13. The imaging agent of Claim 12, where The synthetic caspase-3 inhibitor 
comprises? 

(i) a qnmazoliue or anUinaquinazoline; or 

(ii) a 2-03cindole sulfonamide; Or 
5 (iii) a pyrasmone. 

14. The imaging agent of Claims 1 to 13, where the Synthetic caspase-3 inhibitor is 
selective for caspase-3 over caspase-1 , by a factor of at least 50. 

10 15. The imaging agent of Claim 14, where the synthetic caspase-3 inhibitor comprises a 
quinazoline or amlmoquinazoline. 

16. a pharmaceutical composition which comprises the imaging agent pf claims 1 to 
15 togemerwithabioccratpa^ suitable for mammalian 

15 administration- 

17. A radiopharmaceutical composition which comprises the imaging agent of claims 
1 to 1 5 wherein the imaging moiety is radioactive, together with a biocompatible 
carrier, in a form suitable for mammalian administration. 

20 

18- The radiopharmaceutical composition of claim 17, where the imaging moiety 
comprises a positron-emitting radioactive non-metal or a gamma-emitting radioactive 
halogen. 

25 19. The radiopharmaceutical composition of claim 17, where the imaging moiety 
comprises 

20. A conjugate of a synthetic caspase-3 inhibitor with a ligand, wherein die caspase- 
3 inhibitor lias a K,- fiw caspase-3 of less than 2000, and wherein said Iigand is capable 
30 of forming a metal complex with a radioactive or paramagnetic metal ion. 
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21. The conjugate of Claim 20, of Formula lb: 




[{inhibitor}-(A)J-t|eader peptide] 



icteL> 



^[llgand] 

s (lb) 

where A, n andm ate as defined in Claim 6. 

22. The conjugate of Claims 20 or 21, wherein the ligand is a chelating agent 

10 23. The conjugate of Claim 22, wherein n»e chelating agent has a diaminedioxime, 
N2S2, or N3S donor set. , 

24. A precursor for the preparation of ^radiopharmaceutical composition of claim 18, 
which comprises a non-radioactive derivative of the caspase-3 inhibitor of claims 1 to 
15 15, wherein said non-radioactive derivative is capable of reaction with a source of me 
positron-emitting radioactive non-metal ot gamma-emitting radioactive halogen to 
give the desired radiopharmaceutical! 

25. The precursor of Claim 24, where the source of the positron-emitting radioactive non- 
20 metal or gamma-emitting radioactive halogen is chosen from: 

(i) halideionorF*orr;or 

(ii) an alkylating agent chosen from an alkyl or fluoroalfcyl haKde, 
tosylate, Inflate or mesylate. 

25 26. The precursor of Claims 24 and 25, where the nonradioactive derivative is chosen 
from i 
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(i) ail organometaTHc derivative such as a trialkylstanrume or a 
trialkylsilane; 

(ii) a derivative containing an aUcyl halide, aHsyl tosylate or alkyl mesylate 

for nucleophilic substitution; 
s Oii) a derivative containing an aromatic ting activated towards nucleophilic 

or electrophilic substitution; 

(iv) a derivative comaining a functional group which undergoes facile 
aEkylation; 

(v) a derivative which alkylates fliiol-containmg compounds to give a 
10 thioether-contaming product- 

27. A kit for the preparation of the xadiophatmaceudcal composition of Claim 19, which 
comprises the conjugate of Claims 21 to 23- 

15 28. The kit of Claim 27, where Ihe radioactive metal ion is S9nv Tc, and the kit further 
comprises a biocompatible reductant, 

29- A kit for the preparation of me radiopharmaceutical composition of Claim 18, which 
comprises die precursor of claims 24 to 26. 

20 

30. The kit of claim 29, where the precursor is bound to a solid phase. 

31 . Use of the imaging agent of claims 1 to 15 in a method of diagnosis of a caspase-3 
implicated disease state of the mammalian body, wherein said mammal is previously 

23 administered with the pharmaceutical composition of claim 16, or the 

radiopharmaceutical composition of claims 17 to 19. 
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ABSTRACT. 

The present invention relates to diagnostic imaging agents for in vivo imaging. The 
ima ging agents comprise a synthetic ca$pase-3 inhibitor labelled with an waging raoieTy 

5 suitable for diagnostic imaging in vivo. The invention also provides pharmaceutical and 
radiaphaimaceutical compositions comprising the imaging agents, together with kits for 
the preparation of the radiopharmaceuticals. Also described ere chelator conjugates of 
the caspasc-3 inhibitor, which ate suitable for the preparation of imaging agents 
comprising a radioactive or paramagnetic metal ion. The imaging agents are useful for 

10 the diagnostic imaging and or theiapy monitoring in vivo of various disease states -where 
caspase-3 is involved- 
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